Food contamination has become critical issue and is being worse due to the insensitive detection devices. One of the dangerous food contaminations is by Escherichia coli (E.coli) O157:H7, one of the harmful bacterial pathogens which is distributed in soil, marine and estuarine waters, the intestinal tract of animals, or water contaminated with fecal matter. A small amount of E.coli with the dose fewer than 100 organisms in food products or water is enough to cause serious gastrointestinal illness to human. Hence, the ultra-high sensitive, label free biosensors have been designed in this research for the low concentration E.coli detection. Surface acoustic waves (SAW) devices have been initially developed and used for the high-volume low-cost TV component. Due to the ultra-sensitivity to the surface perturbation, SAW based devices have been modified to be sensors. Initially, SAW sensors were developed for gas detections and have been moving towards biological detections recently. Shear horizontal surface acoustic wave (SHSAW), one of the SAW based types is most suitable for the liquid based application as it has the advantage of acoustic energy is not being radiated into liquid. However, the main SHSAW design components are the operating frequency and wave length. These are strictly depended on the inter digital transducers (IDTs) design. Therefore, this paper is presenting the IDTs design concept and pattern development by using computer aid design (CAD) software.
Introduction
The first biosensor had been introduced by Professor Leland C Clark Jnr. in year 1956, after that the number of research on this field had been increased from years to years [1] . According to the modern dentition, "a biosensor is an analytical device comprising a biological or biologically derived sensing element either integrated within or intimately associated with a physicochemical transducer" [2] . Transduction elements can be optical, electrochemical, calorimetric, magnetic, or mass sensitive. CMOS fabricated acoustic waves based sensors typically surface acoustic waves (SAW) sensors are able to process the outputs which can produce the information about the ultrasensitive mass loading, properties of the bound materials and the changes of viscoelastic effects. The main development criteria for biosensor are portable, rapid ( nearly immediate results), high selective, sensitive and minimum sample pretreatment [3] . According to Ivnitski, recent advances in bio sensing technologies are using electrochemical, piezoelectric, optical, acoustic and thermal biosensor.
The Principle of SAW as Biosensor
Surface Acoustic Wave based devices were initially designed for telecommunication application. Due to their ultra-sensitivity to the surface changes, SAW permits the highly sensitive detection of bio relevant molecules in liquid media (such as water or aqueous buffer solution). SAW devices is produced for high-frequency applications in the range of 100MHz to a few GHz, SAW devices generate and detect acoustic waves using interdigital transducers (IDTs) on the surface of a piezoelectric crystal [4] . In this way, the acoustic energy is strongly confined at the surface of the device in the range of the acoustic wavelength, regardless of the thickness of the complete substrate [5] . For this reason, the waves are potentially very sensitive towards any changes on the surface, such as a mass loading, viscosity and conductivity changes. With this principle, any changes on the surface such as mass loading caused by the binding of the targeted specimen in analyte with sensitive sensing area in SAW. For this, ssDNA E.coli is immobilized on the sensitive layer of SAW sensor. Whenever even very low density pathogen, E.coli in the analyte, the targetted DNA of E.coli will be hybridized on the sensitive surface of the SAW sensor which has been immobilized with ssDNA E.coli. The mass can be discriminated by using both the changes or shifts in the phase and amplitude of the surface acoustic wave inside the guiding layer between input and output IDTs [6] .
Fabrication Process
From review paper by Ten [7] , SAW sensors are very sensitive to changes in mass, density, viscosity on the guiding layer and these are the advantages as biosensors. The important parameters in determining the synchronous frequency of the device is the pitch p of fingers of the IDTs. For simplicity, we shall examine the most common IDTs design which utilizes 1:1 interdigitation and equal spacing between all fingers on both sides. The pitch of the fingers is then the spacing between two fingers on the same side of the electrode (or twice the distance between the centers of fingers on opposite sides of the IDTs). The consecutive fingers (alternating sides of the IDTs) are always at equal but opposite voltage assuming a sinusoidal (AC) signal, consecutive fingers mark the location of maximal strain alternating between tension and compression. As such, the wavelength of the wave transduced by the piezoelectric substrate will be equal to pitch, p. The following relationship then describes the synchronous frequency, fo of the device:
where vp is the propagation velocity of a wave in the substrate. It is important to note that vp is a material property, and that, as a result, the synchronous frequency is both determined by material selection and a design parameter. The minimum dimensions of the SAW device are determined by the dimensions of the two sets of IDTs, the delay line, and any absorbers or reflectors between the IDTs and the edge of the substrate. At the lower end of the frequency sensor of a SAW sensor, the necessary pitch of the IDTs would be quite large. On the other hand, at the higher end of the frequency range, the necessary pitch of IDT would be quite small, limited by the minimum feature size resolvable by current photolithography techniques. Therefore, if the typical frequency ranges of SAW device are 10MHz to 3GHz, then the corresponding to pitches of approximately 1µm to 300µm.The IDTs patents were designed by using AutoCAD software. The entire mask was printed onto a chrome glass surface. Currently, there are variety of techniques to fabricate the sub-micron electrodes is quite challenging using optical lithography, for instance Ultra-Violet (UV) and deep UV lithography, but by useful techniques such as off axis illumination, SAW resonators have been fabricated at 2.45 GHz [8] and 3.15 GHz [9] .
Electron beam (e-beam) lithography has been used to fabricate SAW resonators at 10 GHz with electrode widths below 100 nm [10] . But fabrication using e-beam lithography is an extremely slow serial writing process with low throughput which is suitable only for prototyping and not mass production. Well defined structures with excellent sidewall quality and sub-micron features, around 400 nm are currently possible using X-ray lithography (XRL). [11] [12] In the IDTs deposition fabrication process flow (Fig. 2) , the piezoelectric substrate material, LiNbO3 YX64 is used. The first process is the Physical Vapor Deposition (PVD), thermal evaporator process; deposit the metal aluminum onto the surface of the single polished LiNbO3 substrate, for the thickness about 300nm by using Auto 306 Vacuum Coater, PVD machine. The process is then followed by coating positive photoresist (PR1-2000A) by using spin coating machine (Model WS-650MZ-23NPP). The third process is pattern transfer by exposing UV light (MIDAS, MDA-400M) above the designed chrome mask. The forth process is the development process; removing the photoresist by Resist Developer RD6 and expose the aluminum deposited area which will be etched away by Aluminum Etch 80-15-23-2 solution. The final process is washing away the remaining PR1-2000A by Dimethyl Ketone.
Results and Discussion
The pattern transferring process using LiNbO3 as substrate ( Fig.3) testing has been completed. The optimum processes and parameters setting results are found as: i. Photoresist (PR1-2000a) coating: a) Spinning step 1 ramp up 1000 rpm with acceleration 500 for 10 sec. b) Spinning step 2 spin speed 3000rpm with acceleration 12000 for 30 sec. c) Spinning step 3 ramp down 0rpm with acceleration 1200 for 5 sec. ii. Soft bake 110 0 C for 60 sec. iii. UV exposes -10 sec. iv. Development process:
Dip in RD6 for 21 sec and rinse with deionized water (DI) water quickly and blow dry (do not spin to dry as the IDTs will be damaged). vi. Etch with Aluminium Etch, the duration is depended on the deposited thickness (observe the colour changes). vii. Strip photoresist using acetone with spinning speed 4000rpm. During the fabrication process, the tedious requirement for the above parameters setting will produce good IDTs deposition on LiNbO3 substrate (Fig.4 ). If the time of dipping process in RD 6 is too short will cause the under etch result (Fig.5 ) and on the other hand, over time dipping in RD6 or Aluminum Etch will cause the effect of over etch (Fig.6 ). Besides that, it is advisable to check the condition of aluminum deposition condition before process and the cleanness of the chrome mask as it will affect the IDTs. The 60µm pitch (15 µm width IDT finger and 15 µm spacing between IDT fingers) is successfully fabricated when the synchronous frequency, 72.1MHz ( Fig.7) was measured by network analyzer, Agilent E8362B. This is according to the Eq.1, where vp for 64 0 YX LiNbO3 is 4478m/s and p is 60 µm and thus the fo should be 74.63MHz according to the calculation with a minor error, 3.4%. Advanced Materials Research Vol. 925 593
Conclusion
In this paper, we present the method for the fabrication aluminum IDT on 64 0 YX LiNbO3 substrate including the optimum processes and parameters setting. Besides that precaution steps are mentioned to produce good IDTs deposition. Form the result obtained, it has a very minor error, 3.4% due to the effect of minor under etching of the IDTs.
